Abstract. Local tunneling spectroscopy has been measured with low temperature UHV-STM on in-situ cleaved ab surface of organic TTF-TCNQ crystal. Due to ultra low image drift and clear molecular resolution, the spectroscopy is performed at specific molecular site either on TCNQ or TTF chains. In normal state (T= 63 K), a large pseudo-gap exists both in TTF and TCNQ chains. Above pseudo-gap local density of states differs for TTF and TCNQ chains that is in good agreement with double band model. By the signature of an anomalous in local spectroscopy measurement, a single impurity has been detected on a TTF chain. Charge density wave fluctuation is pinned by impurity above critical temperature (T=54K). Results obtained show that, Scanning Tunneling Spectroscopy can provide spatially resolved spectroscopic information at nanometer scale.
INTRODUCTION
Quasi-one-dimensional electronic properties in TTF-TCNQ, with a strong anisotropy in their electronic structure, have attracted much attention towards understanding fundamental lowdimensional physics of strongly correlated electron.
Recent photoemission studies reveal the unusual behavior interpreted as a consequence of 1D Hubbard model. Zwick et al [1] observed the existence of a unexpected large pseudo-gap at the Fermi level in normal state. At low temperature ( T < T PEIERLS ) the pseudo-gap coexists with Peierls gap. Claessen et al [2] show the evidence of the signature of spin-charge separation in TTF-TCNQ by Angular Resolved Photoelectron Spectroscopy (ARPES) at 61 K. Latest study in BSCCO [3] demonstrates that Scanning Tunneling Microscope (STM) can probe atomic-scale electronic structure in the length scale of 0.3-0.5 nm. STM is a unique technique to study, in real space, local electronic structure. Both topographic and spectroscopic measurement in nanometer scale can be performed simultaneously. Here we present a spatial resolved Scanning Tunneling Spectroscopy (STS) study on TTF-TCNQ single crystal.
EXPERIMENT
Two well characterized (by x-ray diffraction and different transport measurements) TTF-TCNQ single crystals were applied in this study. The cleaved surface exhibits large defect free area of ab plane separated by mono-or bi-layer height steps. As displays in Fig. 1a ) high molecular resolution has been achieved at T = 63K by LT-UHV-STM (Omicron LTSTM head) in constant current mode (1nA, 100mV). TCNQ and TTF chains alternates and periodicities agree with the quadratic surface cell parameters a = 0.38 nm and b = 1.28 nm. Perpendicular to the chain direction in the image, three bright spots are TCNQ molecules and TTF appears as 0.12nm lower spots in the middle of two neighbors TCNQ molecules. Similar resolution has been obtained from 300K down to 33K. In our previous paper we reported [4] that three successive Charge Density Wave (C-I-C) phase transitions in TTF-TCNQ can be fully detected with STM below 54K (see Fig. 1b ).
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In this paper we focus our attention on local spectroscopic measurement. Except the pioneer work by Pan et al. [5] concerning tunneling spectroscopy on TTF-TCNQ crystal there exist no experimental scanning tunneling spectroscopy data for this system despite the revival interest for its electronic properties reveal by photoemission studies. Our preliminary STM measurements were performed on a sample cleaved in air prior immediate introduction in UHV. Molecular resolution and reproducible spectroscopy were obtained on this sample. As spectroscopy could be strongly affected by surface contamination, we have further confirmed these results on a second sample cleaved under UHV conditions. Spectra presented in this paper are related to the UHV-cleaved sample. Nevertheless we should notice that we do not find significant discrepancies between the spectroscopic results obtained from the air cleaved or UHV cleaved samples. Before and after spectroscopic measurements on TTF-TCNQ, we frequently checked our Pt/Ir tip condition by measuring the tunneling spectroscopy on a Au film freshly deposited in-situ. Figure 2b ) were acquired in the point mode, where the tip location is fixed without scanning and the tip-sample distance is set by junction conductance (V stab = 100mV and I stab = 1nA). A linear map of spectroscopy is collected by successively moving the tip perpendicular to the chains, as schematically indicated by the arrow on figure 2a). The step displacement is 0.3nm. At each position, switching off the feedback loop temporally, a set of almost twenty I(V) curves of 600 points were acquired spanning bias voltage between -0.4 V to 0.4 V. The dI/dV signal is also directly detected with a lock-in amplifier (f = 930Hz V modulation = 5 mV pp ). Results obtained at T=63K are presented on a 3D representation (Fig.2b) . In Fig 2b, Z-axe represents dI/dV signal which is proportional to Local Density of States (LDOS) and X-axe is sample's bias voltage applied. And the spatial displacement is represented as Y-axes. We note that these results strongly differ from what is expected for a normal metal. In metal, DOS should be nearly constant close to the Fermi level defined at V Sample Bias =0. In TTF-TCNQ, DOS does decrease as energy approaches the Fermi level but still not completely vanishes at E F insuring the metallic behavior of the two chains in the normal state. This socalled pseudogap with a characteristic of V-shape, already detected by photoemission studies, is here confirmed by STM. The second relevant point is that STS results display peaks and valleys for the DOS from 0.2 to 0.4 V sample bias. These variations of DOS appear as dark tails on the projected plane of Figure 2b . Tails corresponding to a relative increase of the local density of states depends on the position of the tip relative to the sample, so spectroscopy is found to be spatially dependent on a sub-nanometer scale. These tails reproduces periodically for displacement closed to the 1.2mn lateral distance between TTF-TCNQ molecules. Nevertheless even if drift is very low, it cumulates over 2 hours acquisition time for the complete spectroscopy map and makes difficult to unambiguously correlate the spatial LDOS variation to either TTF or TCNQ molecules. Then we have further performed a second kind of experiments where both topography and spectroscopy were performed simultaneously. Due to high thermal stability of our microscope at T= 63.15K and a slow scanning speed (15 nm/s), spectroscopic curves can be accurately acquired at a specific position in interrupting the tip scanning for 20 seconds when topographic image is acquired. As no discontinuities or jumps are observed on the image at the point where the spectroscopy measure is performed (see figure 3a) , it insures that the spectroscopy is effectively measured at the top of the selected site without significant drift. Figure 3b presents the spectroscopy resolved on both TTF and TCNQ molecules. It shows that spectroscopy clearly differs for two different molecules. We find that TTF (or TCNQ) spectroscopic features are indistinguishable at different sites of TTF (or TCNQ). For one specific site, spectroscopic curves were reproducible with time. In order to get a better signal-to noise ratio more than 30 spectra are averaged and the characteristic curves obtained for TCNQ and TTF are presented in figure 3b, marked by a triangle for TTF and a square for TCNQ. Outside of the common pseudo-gap, for both filled and empty states, DOS is found to be higher in TTF chains than that in TCNQ chains demonstrating the ability of STS to distinguish the two molecules. Furthermore, as already pointed out by the "blind" spectroscopy results of figure 2b, this spatially resolved spectroscopy measurements reveals that pseudogap of 2x200mV exits for two individual TTF and TCNQ chains. Its shape and width is similar for both molecules. Another open question arises from the similarity of pseudo-gap width and shape features observed on both chains. It is remarkable that STS measurement at nanometer scale on individual molecule hint to the same power law exponent for TCNQ chains and TTF chains. However, it was concluded that the electron-electron interactions in TTF chains is much important than that in TCNQ chains. The relationship between pseudo-gap and electron-electron interaction remains a challenge question to be resolved.
SPECTROSCOPIC RESULTS

Spectroscopic data presented in
In Figure 3b . two additional curves marked by a circle and star were presented. They were acquired at specific sites along the TTF chains (see figure 3a) . Spectroscopy differs at this position probably revealing the presence of an impurity on the TTF chains.
